Abstract. Broadcast and cinema applications for digital audio transmission with sample rates (FS) over
Introduction
Working with digital audio transformer customers over a period of 25 years, the author has debugged digital audio interface designs and systems with marginal design, intermittent loss of lock, transient voltage damage and lack of rejection of high frequency common mode noise.
These problems arise from several sources: the relative lack of field experience of engineers and equipment designers, poor selection of critical system components, designers who use AES-3-4, but may ignore details and reference to AES 2-id.
Another problem is the poor specification and application of components such as transmit (TX) and receive (RX) interface ICs, cables and transformers. These parts may conform to the AES-3-4 standard in theory, but may function poorly in certain applications and environments, e.g. at sample rates 192 kHz such as FM composite (FMCX).
The AES-3 standard and information document AES-2id were written in 1985 and revised in 1992 and 2003. The amendments did not materially change the standard for the physical interface layer in AES-3-4 or AES-2id.
In the more than 30 years of digital audio, the standards have not kept pace with the many new applications and developments of this technology. Examples include faster sample rates, longer cable lengths and an increasingly dense electromagnetic environment. Equipment and components designed to AES-3-4 and AES-2id, and advertised as "AES/EBU", can fail for higher sample rates and some types of cables.
The standards are written as if the designer has control over every part of a system. This is rarely true nowadays -most designers have control over only the transmit, receive or transmission part of the system. The issue of better interoperability between balanced and unbalanced equipment should also be addressed.
Another example of weakness in the AES-3-4 and AES-2id is that modern equipment must work over a wide range of sample rates, with unknown cable lengths, often beyond 100 m. The standards focus on systems with just a narrow FS range, e.g. 32 -48 kHz, and assume a fixed cable length. The very long AES-2id sections on passive fixed receiver equalizers highlight this problem.
All of these problems mean that an update of AES-3-4 and AES-2id is now long overdue. Some experienced system designers avoid the use of AES-3 and use other interfaces because of these problems. Since early 2014, the author has been working with the AES Standards 02-02 Working Group on Digital Input Output Interfacing, towards complete revision and update of AES-3-4 and AES-2id. The paper concludes with recommendations to modify and improve AES-3-4 and AES-2id, for sample rates, rise times, bandwidths, TX/RX ICs, cables, equalizers, transformers, reference circuits and eye patterns.
Observed problems in digital audio transmission applications
This is a summary of the problems discussed in this section:
1. Failure of equipment to pass EMI compliance tests 2. Equipment susceptibility and damage by transient voltages 3. Poor performance of equipment due to misapplication of transformers 4. Mains neutral common mode current flow in cable shields ("ground loops") 5. Transmission failures over long cable lengths for FS 96 kHz and 192 kHz 6. Links with bad jitter, noise or link failure due to poor EMI susceptibility 7. Poor rejection of high frequency EMI in broadcast applications 8. Insufficient bandwidth of system components for maximum sample rate (FS)
Some of these problems were traced to the system or component designer's misreading or misinterpreting AES-3-4-R (2009), "Standard for digital audio interfacing -Physical and electrical" and AES-2id-2012, "Information document for digital audio engineeringGuidelines for the use of the AES3 interface." In other cases the cause was misapplication of poorly designed or poorly specified components, or insufficient bandwidth to transmit a maximum sample rate signal.
Tests on coaxial, Ethernet and digital audio cables in transmission systems
The author's tests found many factors with significant influence on the AES signal quality and link reliability. One issue is that some so called "AES/EBU" compliant cables were specified and designed using obsolete information, with bandwidths of only 6 MHz to 25 MHz. All of those "AES/EBU" digital audio cables have attenuation specified at only one or a few frequencies, e.g., 6, 20 or 25 MHz. The cable specifications do not show a curve of attenuation vs. frequency for a standard length. Some cable designers appear to have been misled by AES-3-4, due to misunderstanding of the AES-3-4 standard and from lack of attention to AES-2id-2012.
To systematically investigate these cable problems, a transmit-receive system was tested at sample rates of 48 kHz, 96 kHz and 192 kHz using a typical digital audio DSP broadcast processor of recent design and with proven good transmit and receive circuit design. The tests were made in both a balanced 110 Ω and an unbalanced 75 Ω coax environment, by using wideband 75 Ω to 110 Ω baluns. Sixteen types of 100 m length "AES/EBU" cables, Ethernet and 75 Ω coax cables were tested. The cables were analyzed with an HP 4195A network/spectrum analyzer, using 75 Ω HP 41952B transmission/reflection test set and wideband balun transformers for the balanced cables. The attenuation was plotted from 1 MHz to 500 MHz. The group delay distortion was also checked, but it was insignificant compared to the effects of attenuation at the relevant frequencies. Figure 1 shows photos of the test instrument setup, the test fixtures and the 75 Ω to 110 Ω wideband baluns.
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The performance of cables in practical systems was observed with eye patterns and signal spectra up to 200 MHz. These data were recorded at both the transmit and receive end of the cables for sample rates of 48 kHz, 96 kHz and 192 kHz. A Tektronix 7904 scope with wideband 7A26 amplifiers and probes provided accurate observation of the balanced 110 Ω differential signals. The 7904 vertical output signal is monitored by a Yokogawa DLM2054 DSO, a Tektronix 7L12 spectrum analyzer and an HP 4195A spectrum analyzer. Table 1 shows the parameters of the 16 cables tested. Five of the most representative balanced AES/EBU, Ethernet and coax cables were selected for detailed testing. Over 100 plots were analyzed. The 4th column shows the observed attenuation at 20 MHz for the 100 m length of cable tested. Note the wide variations in the attenuation for 100 m.
Eye patterns of transmitted and received digital audio signals
Of the various tests performed, the most dramatic results were in the eye patterns at transmit and receive ends of the cables recorded on the Yokogawa DLM2054 DSO. Figure 2 shows the system with eye patterns observed on 100 m of RG6/U cable in a 75 Ω impedance environment, with a very good received signal level and eye pattern. Figure 3 shows the system with eye patterns observed on an "AES/EBU" specified cable in a 110 Ω balanced impedance environment with a good received signal level and eye pattern. Figure 4 is the eye pattern of an "AES/EBU" cable intended for relatively short patch bay use. As we see the resulting eye pattern is totally unusable. This is a good example of an eye pattern showing link failure in an AES broadcast system at 192 kHz FS. For use by AES Standards Working Groups Copyright (c) SMPTE, 2014
Spectrum of transmitted and received Digital audio
The spectrum of the digital audio signal is critical to understanding the problems involved in faithfully transmitting a signal. Figure 5 shows the Manchester code's theoretical PSD spectrum. The spectrum displays strong harmonic components in a main (first) lobe and 7 harmonic lobes, of decreasing amplitude. It has nulls at the signaling frequency (UI rate or bit rate), e.g., at 24.576 MHz for a 192 kHz FS digital audio signal.
The spectra in the figures below are taken for an AES 192 kHz FS signal at the TX and RX ends of a 100 m length cable. The HP 4159A network/spectrum analyzer frequency span is from 100 kHz to 200 MHz. These spectra demonstrate that the AES signal has substantial energy at the lobe harmonics up to the 5th harmonic of the symbol rate, e.g., 5 x 24.576 MHz, or 125 MHz. Some cables attenuate and filter out the energy above 25 MHz, removing all harmonic lobes of the Manchester spectrum. Figure 6 shows a very wide bandwidth RG6/U coax, 100 m long. The TX and RX spectra are almost identical, and the cable passes all harmonics up to and far beyond 200 MHz. For use by AES Standards Working Groups Copyright (c) SMPTE, 2014 Figure 7 shows the transmitted (TX) and received (RX) spectra of a 100 m long AES/EBU patch cable. The TX spectrum (top) is the normal Manchester spectrum with many harmonics of the main lobe, up to 120 MHz. The lower RX spectrum shows that this cable has a 25 MHz pass band which removes harmonics, above 25 MHz. The cable's 25 MHz pass band results in a loss of all of the lobe harmonics, so receiver data and clock become impossible to recover at 192 kHz. Such data is seldom seen and is surprising, even to experienced engineers in the broadcast, high-end audio cable and cinema industries.
Attenuation and group delay vs. frequency for various cables
Sixteen cables were tested for attenuation vs. frequency from 1 MHz -500 MHz. All of the unbalanced coax and Ethernet balanced cables performed adequately. The test on the "AES/EBU" cables showed wide variations in response, with the patch cable having the worst performance. Figure 8 shows the dramatic difference in attenuation between 100 m of an RG/6U large diameter coaxial cable compared to the balanced "AES/EBU" type patch cable.
Tests on balanced cables demonstrated the sensitivity of the analysis system to crosstalk and shielding of the cables and baluns. The effect of such crosstalk appears as a rising noise floor above 100 MHz in Figure 8 . Shielding the test fixtures with copper foil and minimizing unshielded connection lengths greatly reduced the noise floor.
The cable tests yielded 100 plots, too many to include here. The summary of these tests is that almost any video type coaxial cable will far exceed the bandwidth required, even for 192 kHz links on 100 m or longer cables. The next best category is Ethernet balanced 100 Ω UTP or STP cables. Even old CAT 5 performs well in most AES applications. The special "AES/EBU" cables were not as good, but work, as long as the specifications and intended usage are taken into account, however they can fail entirely for long links and FS rates above 48 kHz.
Group delay was also tested for some cables. The data demonstrated that group delay distortion has a minor effect on performance for these applications and this was supported by the result of calculations. The reason is that cable attenuation will dominate as a primary factor in the received eye pattern long before group delay can affect the waveform.
The author hopes that a revised AES-3-4 standard and AES-2id information document, and the information presented herein will encourage cable manufacturers to design better "AES/EBU" cables which meet a more rigorous AES cable specification. For use by AES Standards Working Groups Copyright (c) SMPTE, 2014
Interference generation and coupling
Stray capacitance and magnetic coupling provide coupling paths for EMI to enter the digital audio transmission path from adjacent cables and conductors. Other sources of interference are radiation, and common-mode noise. The noise and EMI will affect both TX and RX.
Digital audio systems are often used in electrically noisy environments. Digital audio is used in the broadcast and cinema field often have substantial conducted and radiated EMI, which will impact both compliance and equipment susceptibility. Movie studios, digital cinema projection rooms, broadcast studios and satellite uplinks are examples rich in interference sources, e.g. transmitters, exciters, arc lamp ignitors and high power switching supplies
Cinema projectors with xenon lamps and cinema studio and location HMI lights have high power switching supplies as well as high voltage ignitors rated at 10 kV to 55 kV, generating very high noise transients during lamp starting and restrike.
Figures 9 and 10 show a typical TV studio cable installation, with many thousands of video, audio, digital audio, and digital video cables run together between racks and linking long distances between studios.
The digital audio signal is intentionally limited in bandwidth, but out-of-band high frequency noise can nonetheless affect data transmission and clock recovery circuits. In large studios, the use of hundreds of signals on long cables (100 m -1000 m) further increases the noise burden. Digital clocks for DSPs and CPUs, video equipment, satellite uplink IF, switching power supplies, wireless and wired computer networks generate asynchronous high frequency conducted and radiated interference. Switchmode power supplies usually operate in the range between 20 kHz and 5 MHz. These supplies must meet regulatory requirements for radiated and conducted EMI, but they can still emit sufficient interference to affect high-resolution systems.
Both differential-mode ( D M ) and common-mode ( CM) currents ca n be generated by an interference source. DM current flows in a circuit from a source to a load and back, for instance a balanced signal on a conductor pair, while CM currents are flowing between a pair of conductors and earth ground. Stray capacitance and inductance provide coupling paths for CM interference to enter the digital audio transmission path. The CM and DM mechanisms need to be considered separately, but in practical use the CM noise component generally dominates. The standard's limits on AES signal rise time only apply to the DM signal and will not materially affect the CM interference component a balanced AES transmitter conducts. The effect of the AES rise time limit should be reviewed, as it does not accomplish the desired CM noise reduction.
The author found that some digital audio equipment TX and RX circuit designs had insufficient CM and/or DM EMI rejection. The cause was inadequately designed (or omitted) common-mode and differential-mode EMI filters, and/or an unsuitable choice of transformer. Some designs even omit the transformer entirely. Many designs had little or no consideration of EMI susceptibility or transient protection. All of these issues were traced to missing, misinterpreted or misleading parts of the AES and other harmonized standards for digital audio transmission.
The effects and application of transformers
The AES/EBU receiver interface uses a transformer to provide significant rejection of high frequency common-mode noise. The transmitter also uses a transformer to reject incoming CM noise and to provide a balanced output. Buffer ICs with a differential amplifier input stage will still have common-mode rejection (CMRR) roll off above the high frequency breakpoint. The CMRR of a transformer is inversely proportional to its primary to secondary capacitance. A low capacitance transformer's high frequency CMRR will be much greater than that of a differential amplifier. Many AES ICs and all RS422 interfaces have no CMRR at all.
Low cost, ordinary, unshielded transformers can have up to 40 pF of interwinding capacitance. Optimized low-capacitance digital audio transformers can achieve 1 pF -3 pF. A Faraday shield can further reduce this to as little as 0.5 pF. These huge capacitance variations explain the 40 dB difference in the in CMRR of transformers used for AES/EBU.
The AES recommendations for transformer bandwidth are misleading. A well-designed transformer must have ample low and high frequency response and minimum pulse aberration [1] . Modern systems must operate over a wide range of FS, e.g., 44.1 kHz to 192 kHz. The need to pass signal harmonics and maintain phase linearity requires a much wider transformer bandwidth than is often assumed to be sufficient. Well engineered wideband transformers have a bandwidth ratio F hi / F low of 3.5 to 4 decades, e.g. 10 kHz to 100 MHz. The low frequency corner is a function of the primary magnetizing inductance and system impedance. The high frequency corner is controlled by the leakage inductance and shunt capacitance. Due to practical design tradeoffs, it is most difficult to optimize all of these parameters for a wideband low-capacitance transformer.
An AES paper ref. [1] shows the transformer's lower frequency limit, F low affects jitter due to inter-symbol interference. A proven recommendation is F low = FS min /3, e. Some designers attempt to use the transformer to limit the rise time of the signal. This approach is not preferred, due to the many tradeoffs in transformer design. A transformer with adequate bandwidth and low pulse aberration cannot also limit the rise time of the signal to the desired values for the entire range of FS. The overall rise time should be limited by other system components, e.g. passive networks or EMI filters. 
Digital audio transmission standards and applications
The author examined in detail the existing AES-3-4 digital audio transmission standard and AES-2id information document. The AES-3-4 standard for Digital Audio Transmission is somewhat vague and out of date in many details. The AES-3-4 appendices and AES-2id information document do not always provide clear guidance to designers to implement reliable digital audio transmission for FS rates over 48 kHz. Tables 3a and 3b show the existing AES-3 
AES-3-4 standard tables of sample rates, system bandwidth and unit interval
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symbol rate (640 x FS) is the required bandwidth to receive a signal with an acceptable eye pattern, and recover clock and data without dropouts.
Transmitter rise time limits
This is the AES-3-4, Appendix C. For use by AES Standards Working Groups Copyright (c) SMPTE, 2014
AE-2id information document applications of transformers
Please refer to Figure 11 , which contains the figures of AES-2id. AES-2id uses transformers for balanced TX and RX interfaces and baluns, but it has some flaws that cause poor performance in the field. The schematics of Figure 11 illustrate some of these problems. The DC blocking capacitor of Figure 7 .1 is required and not optional. AES recommends, but does not require, the application of transformers in balanced transmitters and receivers. AES Figures 7.1 and 7.2 have R-C rise time limiters which must be designed for the maximum FS. Figure 7 .2 has no termination for the Figure 11 . Existing AES-2id figures for TX, RX and balun designs transformer secondary, affecting the transformer bandwidth and causing the damped secondary to have excess ringing. AES-2id suggests a 5:6 turn transformer for 75 Ω -110 Ω baluns. The very low primary magnetizing inductance will increase the low frequency cutoff frequency and lead to intersymbol interference. Figure 12 shows the AES-3-4 eye patterns in ASE 3-4 ( Figures C.2 and D. 2). They are non-standard and are hard to scale or to overlay onto an oscilloscope screen. Figure 13 shows an attempt to use that AES figure to overlay a typical eye pattern. The result is sometimes misleading. A suggested improvement is to use a hexagon mask, as in Figure 14 , which is the type used in all modern digital oscilloscopes and DSO analyzers. The mask can be easily saved as a file in the digital instrument, and overlaid on the eye pattern to give a "go-no-go" indication. The hexagon mask is scaled to show the AES-3-4 window e.g. T min = 0.5 UI and V min = 200 mV for balanced, or 30 mV for unbalanced receivers.
Eye patterns and masks
System levels
The fixed receive window voltages in the existing standards do not take into account the high cable losses at high FS rates and the use of long cables. The standard's use of RS-422 implies a fixed receiver window level.
AES-3-4 and AES-2id use 200 mV (balanced) and 30 mV (unbalanced) minimum receiver window voltage. Many digital audio receiver ICs now have very different input topology, and have only single ended logic type inputs. The accommodation of very short or long cables complicate the issue of system level design, as does the wide AES transmit voltage level range of 2 -7 V peak to peak. The standards should account for modern IC designs and avoid misleading users into thinking that the AES requirement restricts designs to only the RS-422 physical interface. One recommendation is to restrict the existing 2 V -7 V TX level range, and to revise the existing 200 (or 30) mV peak to peak minimum. Ideally, the AES should not write the standards to fit the available parts at the time of writing, like the RS-422 used now. Interface IC manufacturers should then build the parts to match the standards. A tool to assist in level planning is the telecommunications loss budget (or damping) diagram of Figure 15 . This type of diagram is essential to all telecommunications and satellite communication system design. It shows the receiver margin in dB for a given path or cable length transmits power and combination of losses. It is used to calculate the RX noise margin for a worst case design. It should be applied to digital audio system designs and become a part of AES-2id.
Standards Recommendations for AES-3-4 and AES-2id-2012
The recommendations proposed to the AES as a motivation document at the April 2014 AES Standards meeting of AES WG 02-02, are summarized below.
Sample rates, rise time and system bandwidth
Clearly specify the system bandwidths and rise times for the most used sample rates, up to 192 (and even 384) kHz. Clarify the relationship between the transmitter rise time and the overall system bandwidth. At several points in AES-3-4 and AES-2id, there is mention of bandwidth, but it always refers to the original 48 kHz sample rate. Readers may assume that is all the bandwidth that is needed. As a result, components such as transformers and cables are specified and designed with a 6 MHz -25 MHz bandwidth. A recommended system bandwidth should be added to a combined chart of UI and sample rates. The author's tests prove that at least five times the symbol rate (or 640 x FS) is required to receive an AES signal with an acceptable eye pattern, so it can be recovered without loss of lock and or data. The author recommends a minimum system bandwidth of five times the symbol rate, for example at FS 192 kHz, ~ 125 MHz bandwidth.
This recommendation also affects AES5-2008 (r2013): AES recommended practice for professional digital audio -preferred sampling frequencies.
The tables in the existing AES-3, Table B .1 -Symbol rate (MHz) vs. sampling frequency and Table B .2 -UI (ns) vs. sampling frequency are unclear and have entries no longer used. The two tables should be clarified and combined. It is recommended that reference to rates below 32 kHz be reviewed, as they are used mostly for speech logging recorders. Scaling by 0.5 or 0.25 should be abandoned, and specific FS used.
Receivers and transmitters, eye patterns and masks
Revise the receive voltage specification to account for receiver designs other than the RS-422 type 200 mV peak-to-peak. Another suggestion is to narrow the transmitted level variation from 2 to 7 V peak-to-peak to levels set by the normal interface IC supply voltages of 3.3 or 5 V. Increasing the 2 V floor will reduce many interface and cable issues. The 7 V maximum could be reduced to 5 V to further narrow the allowable TX voltage range. Indicate that bandwidth and rise time must be set for highest FS expected. Revise the mention of RS-422 (ITU-T V.11) interface ICs. Remove the implication that RS-422 is mandatory or sufficient at all FS rates, as it's only practical at 48 kHz. Indicate solutions for FS rates above 48 kHz.
Revise the AES eye pattern specification to conform to the standard and measurable hexagonal or polygon mask, scaled to show the AES-3-4 window e.g. T min = 0.5 UI and V min = 200 mV. That mask can be created by a user as a custom mask for go/no-go determinations. That standard pattern is available in all modern digital oscilloscopes and DSO analyzers. Add a system loss diagram as shown in Figure 15 . Explain the level setting technique to calculate needed TX and acceptable RX signal levels for different cable types and lengths.
Electromagnetic Interference (EMI)
The discussion of EMC in the standards mixes modes of interference. Both differential mode ( D M ) and common-mode ( CM) currents ar e generated by an interference source. CM and DM noise should be distinguished, as the CM dominates. A CM filter will attenuate that component. The DM noise usually does not require a filter. The treatment of EMI shielding and grounds in systems should reference AES Working Group 05-05, standards AES 48 and AES 54, as well as the conducted EMI compliance standards used in USA, EU e.g. CISPR 22 and EN55022.
Interoperability and impedance conversion
Clarify interoperability between different levels of transmitters, cable attenuation and receivers. Discuss S/PDIF, coax and balanced devices, show applications for both active and passive adapters, baluns and a balanced splitter.
Correct and improve the impedance conversion shown in AES-2id from balanced 110 Ω to unbalanced 75 Ω (and the reverse). In addition to passive adapters, add a suggested buffer amplifier for 75 Ω to 110 Ω conversion to accommodate the minimum RX voltage to provide increased voltage levels. Remove the misleading recommendation to use a 5-to-6 turn transformers for a 75 Ω to 110 Ω balun.
Show a recommended reference circuit design 1-in to 2-out splitter with a transformer. Clarify interoperability between transmitters and receivers, S/PDIF, coax and balanced devices. Consider the relationship to IEC 60958 type II, (S/PDIF). Include in AES-2id a discussion of conversion to and from IEC 60958 types II, with buffer amplifiers.
Cable selection and marking, connector and component marking
Confusion exists in selection and specification of cables. Clarify the tradeoffs between choice of Coaxial, Ethernet and AES/EBU type cables for wide FS range and long vs. short cable length links.
Recommend a marking system for cables to avoid confusion. Cables should be designed, specified and marked with maximum useable FS at some reference length to avoid misapplication, e.g. use of short length patch cable for long-distance links.
Connectors for AES signals such as XLRs and BNCs are subject to confusion as they are unmarked for the parameters or signal direction. Recommend a system for marking all AES connectors on equipment to avoid such confusion e.g. "AES-3 TX max FS 96 kHz".
Transformers
Confusion exists in the specifications and use of transformers for digital audio [2] . Clarify the use and specification of transformers used for isolation, CMRR and impedance conversion. Make the use of a transformer at both TX and RX ends of a link mandatory, rather than just recommended, for professional balanced equipment (this will harmonize the AES standard to the EBU). Mention the application of transformers to unbalanced coax connections.
Include a discussion of transformer shielding and the effect of interwinding capacitance, Faraday shields, primary magnetizing inductance, flux capacity, on performance and EMI rejection. Correct AES-2id schematics to properly terminate transformers. Indicate that design bandwidth and rise time must be specified for highest FS expected.
Add a discussion of transformer shielding and capacitance. Both F low and F high and the rise time must be according to the lowest and highest FS expected, respectively.
Class of design
The problem of misapplication and design mistakes can result from the loose definition of system components such as cables and transformers marked for use in digital audio or so called "AES/EBU". One suggestion is to introduce a minimum acceptable standard for low cost consumer designs and a recommended high quality preferred (or reference) implementation, for professional, broadcast or cinema equipment use.
Transient protection
The information document should include a discussion of the need for transient protection of active circuitry in TX and RX designs. Reference should be made to transient susceptibility standards.
Recommended and reference circuit designs
The addition of proven reference designs will assist designers. A complete balanced and unbalanced system diagram with transmit and receive ends, cables and connectors should be added, with treatment of grounds and cable shields. Expand the discussion of impedance conversion for balanced 110 Ω to unbalanced 75 Ω. 
Conclusions
The existing digital audio specifications for transmission were written at the beginning of digital audio usage in the mid 1980s. The three AES revisions and updates since then have not addressed confusing aspects of AES-3-4 and AES-2id. Parts of the specifications mislead designers, users and manufacturers. These issues result in transmission links which can fail at higher FS rates and over long cables, as well as exhibiting poor transient and EMI emission and susceptibility. The author's recommendations for the AES standards will assist engineers, and improve equipment performance. 
Shields and Grounding
Shields shown grounded at both ends, common mode mains current may flow in cable shields between equipment supplied by different mains frequency transformers
AES-2id
Add floating connection for unbalanced, lift connector shields at one end; add RF bypass capacitor to break common-mode, power frequency currents.
Transformers Unterminated transformers, no mention of minimum Lpri, Cp-s, bandwidth or Faraday shield AES-3-4 and AES-2id
Add detailed selection and use notes for terminations, Lpri, Cp-s, BW, shield, revise and add new information document schematics Balancedunbalanced conversion Does not address many scenarios, unbalanced to balanced levels can be too low with passive adapter.
Show both active and passive adapters, remove excess pages of attenuator resistive pads
AES-2id reference designs
Reference designs and "proven" circuits omit many details and have serious errors.
AES-2id
Correct and improve detail of Reference designs and "proven" circuits. Add EMI filters, transient protection, mention shielded transformers. Standard to information document reference Standard AES-3-4 is often used while ignoring AES-2id information document
AES-3-4 AES-2id
Place prominent note at beginning and other places within AES-3-4 to refer to AES-2id for design information and reference designs
Table 5. AES-3-4 and AES-2id problems and recommendations
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